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Impairment of fibrinolysis during sepsis is associated with worse outcome. Early identifica-
tion of this condition could be of interest. The aim of this study was to evaluate whether a
modified point-of-care viscoelastic hemostatic assay can detect sepsis-induced impairment
of fibrinolysis and to correlate impaired fibrinolysis with morbidity and mortality.
Methods
This single center observational prospective pilot study was performed in an adult Intensive
Care Unit (ICU) of a tertiary academic hospital. Forty consecutive patients admitted to the
ICU with severe sepsis or septic shock were included. Forty healthy individuals served as
controls. We modified conventional kaolin activated thromboelastography (TEG) adding
urokinase to improve assessment of fibrinolysis in real time (UK-TEG). TEG, UK-TEG, plas-
minogen activator inhibitor (PAI)-1, thrombin-activatable fibrinolysis inhibitor (TAFI), d-
dimer, DIC scores and morbidity (rated with the SOFA score) were measured upon ICU
admission. Logistic regression was used to calculate odds ratios (ORs) and 95% confi-
dence intervals (95% CIs) of mortality at ICU discharge.
Results
UK-TEG revealed a greater impairment of fibrinolysis in sepsis patients compared to
healthy individuals confirmed by PAI-1. TAFI was not different between sepsis patients and
healthy individuals. 18/40 sepsis patients had fibrinolysis impaired according to UK-TEG
and showed higher SOFA score (8 (6–13) vs 5 (4–7), p = 0.03), higher mortality (39% vs
5%, p = 0.01) and greater markers of cellular damage (lactate levels, LDH and bilirubin).
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Mortality at ICU discharge was predicted by the degree of fibrinolysis impairment measured
by UK-TEG Ly30 (%) parameter (OR 0.95, 95% CI 0.93–0.98, p = 0.003).
Conclusions
Sepsis-induced impairment of fibrinolysis detected at UK-TEG was associated with
increased markers of cellular damage, morbidity and mortality.
Introduction
Sepsis is associated with hemostatic abnormalities ranging from subclinical activation of blood
coagulation (hypercoagulability) to massive thrombin and fibrin formation with systemic clot-
ting activation [1]. In its initial phase the hypercoagulability may be associated with hypofibri-
nolysis which can be considered as an attempt to compartimentalize the infectious focus. As
the infection gets worse, these local protective mechanisms may spread systemically, resulting
in disseminated intravascular coagulation (DIC) [2] [3]. Thrombosis in the microcirculation
may lead to different consequences depending on their possible dissolution by a more or less
intact fibrinolytic system. In a previous work carried out in a group of patients with severe sep-
sis and septic shock, we found that the coagulation and inflammatory response were activated
in all patients but unrelated with amount of organ failure and outcome, conversely fibrinolysis
was inhibited in only a fraction of patients and was impressively associated with morbidity and
mortality [4]. A similar observation was found in larger studies in patients with ARDS where
impairment of fibrinolysis was associated with worse outcome [5] [6] [7]. Traditionally, the
two main markers used to quantify fibrinolysis are Plasminogen Activator Inhibitor 1 (PAI-1)
and Thrombin-activatable Fibrinolysis Inhibitor (TAFI). These markers are elevated in sepsis
and related to multi organ failure and mortality [8] [9] [10] [11] [12], however no real time
information can be obtained by these tests which require an experienced laboratory and have
long turnaround times. Viscoelastic hemostatic assays such as thromboelastography and
thromboelastometry have been used to characterize septic coagulopathy [13–16], specifically
both hyper and hypo-coagulability and hyper-fibrinolysis. Conversely, hypo-fibrinolysis can-
not be easily detected and quantitative evaluation of the impairment remains a challenge.
Therefore we thought that the implementation of a modified point of care method for fibrino-
lysis assessment (UKIFTEG—Urokinase induced fibrinolysis in thromboelastography) [17],
could be of interest in the sepsis population.
The aims of this study therefore were: I. to verify the feasibility of assessing fibrinolysis at
the bedside using a modified point-of-care global assay of hemostasis (Urokinase Kaolin acti-
vated Thromboelastography, UK-TEG); II. to confirm or disprove that the fibrinolysis abnor-
malities are not universally present in the sepsis population; III. to verify whether sepsis-
induced impairment of fibrinolysis correlate with higher severity of disease and risk of death.
Of note, while previous studies on septic patients did not show any benefit from the untargeted
treatment of hypercoagulability and hyper-inflammation [18] [19] [20] [21] [22], a third way
of approach i.e. the correction of the fibrinolysis in patient who shows this alteration may be of
future interest. We wish to describe here the results we obtained in a sample of severe sepsis/
septic shock patients.
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Materials and Methods
Study Population
Prospective observational study. The study protocol and the informed-consent form were
approved by the ethic committee of the University Hospital Fondazione IRRCS Ca’ Granda—
Ospedale Maggiore Policlinico, written informed consent or deferred consent was obtained
from each patient. We used a sample size of 40 per group (n = 80), on the basis of feasibility
and precision of estimates to be used to design the main study [23].
From February 2013 to September 2013 all patients admitted to the Intensive Care Unit
(ICU) of Ospedale Maggiore Policlinico of Milan were screened. Patients 18 years of age or
older who met the clinical criteria for severe sepsis or septic shock [24], were enrolled in the
study (sepsis patients). Exclusion criteria included known congenital or chronic coagulation
disorders, the current use of extracorporeal circuits for the treatment of the disease (such as
extracorporeal membrane oxygenation or continuous veno-venous hemofiltration), and
administration of anti-platelets drugs. A control group of 40 healthy nurses and physicians
employed in the ICU was chosen (healthy individuals group).
Blood samples for thromboelastography analysis were drawn within 24 hours from the diag-
nosis of severe sepsis/septic shock. At the same time we determined plasminogen activator
inhibitor-1 (PAI-1), thrombin activatable fibrinolysis inhibitor (TAFI), d-dimer, platelet count,
aPTT, PT, LDH, creatinine, bilirubin, serum lactate, central venous O2 saturation (ScvO2),
Sequential Organ Failure Assessment (SOFA) score [25]. We calculated DIC scores according
to the International Society for Thrombosis and Haemostasis (ISTH “overt” 2001) [26] and
according to the Japanese Association for Acute Medicine (JAAM 2006) [27]. Age, sex, site of
infection, ICU mortality were also recorded.
Thromboelastography
TEG (TEG 5000 Thrombelastograph Hemostasis Analyzer System, Haemonetics Corporation,
Braintree, MA, USA) is a point of care device that provides information about the viscoelastic
properties of blood clot during formation and lysis [28]. TEG was performed at 37°C, using
citrated whole blood. Blood samples was obtained using an arterial line in place of sepsis
patients after discarding 5 ml of blood and collected in siliconized Vacutainer tube (4.5 ml
blood mixed with 0.5 ml of 105 mM trisodium citrate). TEG was performed after drawing
blood, activating 1 ml of citrated blood in a tube containing kaolin and gently inverted five
times as suggested by the manufacturer. An aliquot (340 μl) was placed in a warmed heparinase
cup in the TEG and recalcified with 0.2 M calcium chloride (20 μl).
Urokinase Kaolin Activated Thromboelastography (UK-TEG)
Hypofibrinolysis cannot be easily detected by conventional TEG. To unmask this condition ex-
vivo we implemented a modified thromboelastographic technique for fibrinolysis assessment
[17] that requires the addition of urokinase (UK, Urochinasi Crinos 100000 U/2ml) to enhance
fibrinolysis (UK-TEG). UK was reconstituted with 5 ml of NaCl 0.9%, and 4 μl of this solution
was added to the citrated whole blood in the kaolin-containing tube before inverting the tube.
The final concentration of UK in the cup was 80 IU/ml of blood. TEG and UK-TEG were per-
formed using the same blood sample.
The following parameters were registered both for TEG and UK-TEG: the time to initiate
clot formation r (reaction time, minutes) influenced by the coagulation factors; the angle
between the baseline and the tangent to the tracing (α-angle, degrees) influenced by fibrinogen
and measuring the rapidity of fibrin cross-linking; the maximal amplitude of the tracing curve
Urokinase Modified Thromboelastography in Sepsis Patients
PLOS ONE | DOI:10.1371/journal.pone.0136463 August 26, 2015 3 / 17
(MA, mm) representing clot strength depending on platelet function and platelet–fibrin inter-
action; the reduction in amplitude of the tracing curve at 30 and 60 minutes after reaching MA
(Ly30%, Ly60% respectively) representing fibrinolysis. All the aforementioned parameters
were calculated by the software provided by TEG Analytical Software (TAS version 4.2 for
Windows, Haemonetics Corporation, Braintree, MA, USA).
Preliminary Assessment of UK-TEG Procedure
UK concentration to perform UK-TEG procedure was assessed in a preliminary phase (S1 and
S2 Figs). To ensure a fibrinolytic response, the UK concentration was set to 80 IU/ml. As
shown in Fig 1, the typical TEG profile after the addition of urokinase (solid line) is character-
ized by: (i) an increase in Ly30 value, because of the increased conversion of plasminogen in
plasmin and consequent increase rate of degradation of clot, (ii) decrease in MA, because the
rate of clot breakdown becomes higher than the rate of clot formation.
Reproducibility of UK-TEG_Ly30 values at a UK concentration of 80 IU/ml was confirmed
for different UK dilutions (S3 Fig) and for storage conditions of reagent (fresh, immediately
reconstituted UK solution compared to -80°C frozen aliquots of UK solution rewarmed at
room temperature before utilization, unpublished data).
Heparinase cups were used for TEG procedures. Although aware of the potential artifactual
hyperfibrinolysis using heparinase cup [29] [30] we preferred to exclude potential effects of
heparin on coagulation (S4 Fig). As a preliminary analysis of 203 K-TEG samples showed that
UK-TEG_Ly60 could be predicted from UK-TEG_Ly30 (y = 1.3355+3.65251-exp(-0.0025x),
r2 = 0.99), we decided to used only UK-TEG_Ly30 values to assess response to UK in order to
limit procedure execution times (S5 Fig).
Limits of normality (defined as the prediction interval between which 95% of values of
healthy individuals group fall into, and calculated as: normal range = media ± 1.96SD) were
calculated on 40 healthy individuals and were 0–6.7% for TEG_Ly30 and 64.9–100% for
UK-TEG_Ly30.
PAI-1, TAFI, D-Dimer
Platelet poor plasma was obtained by centrifugation of citrated blood at 2500 g for 20 min at
room temperature. Aliquots of citrated plasma, 1 ml each, were stored, shortly after collection,
at -80°C until PAI-1 antigen, PAI-1 activity, TAFI assay were performed.
D-dimer concentrations were measured in citrated plasma by the d-dimer HS kit on ACL
TOP analyzer (Instrumentation Laboratory, IL, USA). PAI-1 antigen was analyzed in duplicate
by the ELISA kit ZYMUTEST PAI-1 Antigen (HYPHEN Biomed France). PAI-1 activity was
measured in duplicate by the ELISA kit ZYMUTEST PAI-1 Activity (HYPHEN Biomed
France). TAFI antigen was analyzed in duplicate by the IMUCLONE TAFI ELISA (Sekisui
Diagnostics USA).
Statistical Analysis
Continuous variables were described using median and 25th and 75th percentile. Absolute and
relative frequencies were used for categorical variables. Differences between groups were tested
using Mann–Whitney or Kruskal-Wallis rank test followed by post-hoc multiple comparison
analyses (Dunn’s test with Bonferroni correction). Fisher’s exact test was used for categorical
data. Correlations were expressed using the Spearman correlation coefficient. Cohen’s kappa
coefficient was used to measure agreement between ISTH 2001 “overt” and JAAM 2006 DIC
scores. We used univariate logistic regression to calculate odds ratios (ORs) and 95% confi-
dence intervals (95% CIs) of death at ICU discharge in association with laboratory and TEG
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lysis parameters. Predicted risk of death (%) was then calculated using the formula: p = odds/(1
+ odds)x100. Statistical analysis was performed using Stata 13; StataCorp, College Station, TX.
We considered p< 0.05 to be statistically significant.
Results
Patients
Characteristics of patients and healthy individuals are reported in Table 1. Forty consecutive
critically ill patients with severe sepsis or septic shock admitted to ICU were included in the
study. Severe sepsis was diagnosed in 23 (58%) patients and septic shock in 17 (42%) patients.
Twenty-one (52%) patients required vasopressor infusion at the time of blood sampling.
Among the 40 sepsis patients, 5 (12%) had overt disseminated intravascular coagulation (DIC)
defined according to the ISTH “overt”DIC score [26] and 21 (52.5%) according to the JAAM
2006 Score [27]. Thirty-two patients (80%) survived at ICU discharge and 8 (20%) died. Only
Fig 1. Graphical representation of two typical thromboelastographic tracings and parameters in a
healthy individual (a) and a sepsis patient (b). TEG (dashed line) and UK-TEG (solid line) performed
adding UK at a concentration of 80 IU/mL Abbreviations: r, reaction time; α, angle α; MA, maximal amplitude;
Ly30, lysis at 30 min fromMA.
doi:10.1371/journal.pone.0136463.g001
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one patient was receiving heparin prophylaxis. Healthy individuals were younger than patients
(43 years (30–55) vs 61 years (49–76), p<0.001). The origin site of sepsis was identified as pul-
monary in 23 (58%) of the patients, abdominal in 14 (35%), soft tissue in 2 (5%) and nervous
system (meningitis) in 1 (2.5%). Microorganisms responsible of sepsis were identified in 23
patients. 14 patients were infected by gram-positive cocci, 4 patients by Enterobacteriae, 4 by
other gram-negative bacteria and 1 by a co-infection of H1N1 influenza A virus and Pneumo-
cystis Carinii. Prior surgical interventions were performed in 15 patients. Ten patients under-
went abdominal surgery, three patients underwent thoracic surgery and two patients head and
neck surgery.
Sepsis patients were characterized by a prolonged PT ratio (1.36 (1.20–1.54) vs 1.06 (1.01–
1.10, p<0.001) and aPTT ratio (1.14 (1.03–1.29) vs 1.04 (0.98–1.07), p = 0.01, and by an higher
fibrinogen (533 (380–704) vs 253 (244–283) mg/dl, p<0.001) and d-dimer levels (2090 (892–
5602) vs 79 (60–127) ng/ml, p<0.001), compared to healthy individuals. Platelet count in sep-
sis patients was 138 (96–248) x109/l. Sepsis patients had also an increase of PAI-1 antigen (31.7
(21.2–41.6) vs 3.3 (1.5–5.1) ng/ml, p<0.0001) and PAI-1 activity (4.0 (1.0–9.9) vs 0.2 (0.1–0.3)
ng/ml, p<0.001) compared to healthy individuals. No significant differences were observed in
Table 1. Characteristics of healthy individuals and sepsis patients.
Healthy Individuals (N = 40) Sepsis Patients (N = 40) P value*
Age (years) 43 (30–55) 61 (49–76) <0.001
Males, N (%) 18 (45) 24 (60) 0.18
Cancer, N (%) - 1 (2.5) -
Smoking, N (%) 12 (30) 8 (20) 0.44
Severe sepsis, N (%) - 23 (58) -
Septic shock, N (%) - 17 (42) -
SOFA at admission - 7 (4–10) -
DIC (ISTH), N (%) - 5 (12.5) -
DIC (JAAM), N (%) - 21 (52.5) -
Mortality, N (%) - 8 (20) -
Timing between onset of sepsis and sampling (h) - 12 (6–24) -
Subjects on heparin, N (%) - 1 (2.5%) -
Site of infection
Pulmonary, N (%) - 23 (57.5) -
Abdominal, N (%) - 14 (35) -
Soft tissue, N (%) - 2 (5) -
Meningitis, N (%) - 1 (2.5) -
Microorganism
Gram-positive cocci - 14 (35) -
Enterobacteriae - 4 (10) -
Other gram-negative bacilli - 4 (10) -
Virus/Pneumocystis carinii - 1 (2.5) -
Unknown - 17 (42.5) -
*From Mann-Whitney (continuous variables) or Fisher’s exact test (categorical variables).
Numbers in table refer to median (25th– 75th) or N(%). Abbreviations: SOFA, Sequential Organ Failure Assessment; DIC, disseminated intravascular
coagulation; ISTH, International Society of Thrombosis and Haemostasis; JAAM, Japanese Association for Acute Medicine. Gram-positive
microorganisms were: Methicillin Resistant Staphilococcus Aureus, Methicillin Subsceptible Staphilococcus Aureus, Enterococcus, Streptococcus
Pyogenes, Streptococcus Pneumoniae. Enterobacteriae were: Escherichia Coli, Enterobacter, Serratia Marcescens. Other gram-negative bacilli were:
Acynetobacter, Legionella Pneumophila. Virus was H1N1 inﬂuenza A virus.
doi:10.1371/journal.pone.0136463.t001
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TAFI values. Septic shock patients were characterized by higher fibrinogen (439 (370–479) vs
659 (487–749) mg/dl, p<0.05) and lower d-dimers levels (2760 (2018–6170) vs 1153 (746–
5034) ng/ml, p<0.05) compared to severe sepsis patients. No statistically significant differences
were observed among other coagulation parameters (S1 Table).
TEG and UK-TEG
Fig 1 shows a graphical explanation of distinct thromboelastographic parameters as used in the
current study and a typical example of the effect of UK on the TEG assay.
Both TEG and UK-TEG showed an ex-vivo impairment of fibrinolysis in sepsis patients
compared to healthy individuals. TEG_MA was higher and TEG_Ly30 was lower in sepsis
patients compared to healthy individuals (69 (60–76) vs 61 (57–65) mm, p = 0.001 and 0.1
(0–0.9) vs 1.2 (0.1–2.7) %, p = 0.007, respectively). Other TEG parameters were not different
between the two groups. The addition of UK to TEG analysis resulted in a more pronounced
difference between the two populations, UK-TEG_MA was higher (35 (18–55) vs 25 (15–39)
mm, p = 0.026) and UK-TEG_Ly30 was lower (70 (29–90) vs 91 (89–93) %, p<0.0001) in
sepsis patients compared to healthy individuals (Fig 2). The impairment of fibrinolysis was
highly variable within the sepsis population, ranging from near normal to severely impaired
fibrinolysis. Other UK-TEG parameters were not different between the two groups. No differ-
ences in TEG and UK-TEG parameters were observed between severe sepsis and septic shock
groups.
Correlations between Different Fibrinolysis Parameters
Fig 3 shows correlation between PAI-1 and UK-TEG. UK-TEG_Ly30 was not correlated either
with PAI-1 activity or with PAI-1 antigen (Spearman’s rho = -0.13, p = 0.44 and Spearman’s
rho = -0.06, p = 0.72, respectively). UK-TEG_Ly30 was not correlated with d-dimer (Spear-
man’s rho = -0.07, p = 0.69). PAI-1 activity was significantly correlated with PAI-1 antigen
(Spearman’s rho = 0.93, p<0.00001) as expected. There was no significant correlation among
the remaining examined laboratory markers of fibrinolysis (d-dimer vs PAI-1 activity, Spear-
man’s rho = -0.16, p = 0.31; d-dimer vs PAI-1 antigen Spearman’s rho = -0.09, p = 0.59; d-
dimer vs TAFI, Spearman’s rho = -0.02, p = 0.90; PAI-1 activity vs TAFI, Spearman’s
rho = 0.05, p = 0.77; PAI-1 antigen vs TAFI, Spearman’s rho = 0.01, p = 0.97).
Stratification of Patients According to the Degree of Hypofibrinolysis at
UK-TEG
When patients were divided according to UK-TEG_Ly30 limits of normality, 22 (55%) were
classified as “normal responders” (who exhibited a response to UK not different from healthy
individuals) and 18 (45%) as “low responders” (who exhibited a response to UK lower than
healthy individuals). As shown in Table 2, patients with low response to UK had more severe
organ dysfunction (SOFA score 8 (6–13) vs 5 (4–7), p = 0.03), higher lactate levels (1.8 (1.2–
2.7) vs 1.0 (0.8–1.9) mmol/L, p = 0.03), higher LDH (520 (388–1071) vs 374 (252–458) U/L,
p = 0.01) and higher mortality (7(39%) vs 1(5%), p = 0.01) compared to those with a normal
response, despite similar mean arterial pressure, arterial blood hemoglobin concentration and
oxygen saturation. Prevalence of DIC was 5 (28%) in low responders compared to 0 in normal
responders (p = 0.03) using the ISTH “overt” DIC score, and 10 (55.5%) in low responders vs
11 (50%) in normal responders (p = 0.5) when the JAAM 2006 DIC score was used. Time
elapsed from diagnosis of sepsis and blood sampling was not different between low responders
compared to normal responders (12 (6–24) vs 12 (3–12) hours, p = 0.61). Overall blood prod-
uct administration and specifically fresh frozen plasma administration before blood sampling
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was not associated with response to UK at TEG analysis (p = 1.0 and p = 0.35, respectively).
Incidence of ARDS or Acute Kidney Injury was not associated with response to UK at TEG
analysis (p = 1.0 and p = 0.30, respectively) (S2 Table). Site of infection and microorganism
genus were not associated with response to UK at TEG analysis (p = 1.00 and p = 0.96, respec-
tively) (S3 Table).
Blood product administration was not associated with response to UK at TEG analysis
As shown in Table 3, both patients with low response to UK and patients with normal
response to UK had significantly increased levels of coagulation parameters, except the aPTT
ratio and TAFI (%), compared to healthy individuals. Patients with low response to UK were
characterized by a prolonged TEG_r (11.0 min (7.2–14.2) vs 7.5 min (6.1–10.5), p = 0.03)
higher UK-TEG_MA (53.3 mm (49.0–68.4) vs 22.3 mm (9.4–29.0), p<0.0001) and lower
UK-TEG_Ly30 (22.9% (0–50.2) vs 88.5% (76.7–92.4) compared to normal responders. Patients
with normal response to UK differed significantly from healthy individuals only at TEG_MA
(70.8 mm (66.5–77.0) vs 61.0 mm (57.3–65.4)).
Fig 2. Distribution of MA and Ly30measured by TEG and UK-TEG in healthy individuals and sepsis
patients.Column scatter-plot for TEG_MA (Panel A), UK-TEG_MA (Panel B), TEG_Ly30 (Panel C) and
UK-TEG_Ly30 (Panel D) in healthy individuals (circles) and sepsis patients (squares). Filled squares
represent sepsis patients with SOFA score 10 (lower severity of disease), clear squares represent sepsis
patients with SOFA score > 10 (higher severity of disease). Horizontal lines represent median (25th- 75th). *
p<0.05, *** p<0.001, p value fromMann-Whitney test. TEG_MA, MAmeasured by TEG, UK-TEG_MA, MA
measured by UK-TEG, TEG_Ly30, Ly30 measured by TEG, UK-TEG_Ly30, Ly30 measured by UK-TEG.
doi:10.1371/journal.pone.0136463.g002
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Odds Ratio of TEG and Biochemical Markers of Fibrinolysis in Predicting
Mortality at ICU Discharge and Morbidity
Table 4 summarizes odds ratio of TEG, UK-TEG, d-dimer, PAI-1 activity, PAI-1 antigen and
TAFI for mortality at ICU discharge. Only UK-TEG_Ly30 could predict significantly mortality
(OR 0.95, 95% CI 0.93–0.98, p = 0.003) at ICU discharge. Fig 4 shows predicted mortality risk
according to UK-TEG_Ly30 values, the lower UK-TEG_Ly30 values, the higher the predicted
risk of death in ICU.
Table 5 summarizes odds ratio of TEG, UK-TEG, d-dimer, PAI-1 activity, PAI-1 antigen
and TAFI for predicting higher severity (defined as SOFA>10). Only UK-TEG_Ly30 could
predict significantly SOFA> 10 (OR 0.98, 95% CI 0.95–0.99, p = 0.049).
Fig 3. Correlation between different methods for assessing fibrinolysis in sepsis patients. Panel A:
Correlation between PAI-1 Activity (ng/ml) and UK-TEG_Ly30 (%), Spearman's rho = -0.13, p = 0.44. Panel
B: Correlation between PAI-1 Antigen (ng/ml) and UK-TEG_Ly30 (%), Spearman’s rho = -0.06, p = 0.72.
Filled circles represent sepsis patients with SOFA score 10 (lower severity of disease), clear circles
represent sepsis patients with SOFA score > 10 (higher severity of disease). PAI-1, Plasminogen Activator
Inhibitor 1; UK-TEG_Ly30, Ly30 measured by UK-TEG.
doi:10.1371/journal.pone.0136463.g003
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UK-TEG_Ly30 was negatively correlated (p = 0.01, Spearman’s rho = -0.4) with SOFA
score indicating less potential for fibrinolysis when increasing severity of the illness.
Discussion
In this study we found: I. that the fibrinolysis assessment at the point of care is feasible; II. that
only less than half of the patients presented ex-vivo impairment of fibrinolysis III. that this sub-
group of patients was characterized by higher markers of cellular damage, higher severity score
and worse outcome.
TEG is an established point of care technique used to guide transfusion management in
trauma patients [31], cardiac surgery [32] or orthotopic liver transplantation [33] [34] and had
been shown to be a prognostic factor in critically ill patients [35]. Unfortunately, as it is cur-
rently conceived, TEG cannot assess the degree of hypofibrinolysis. Numerous methods [36]
[17] [37] [1] have been reported to investigate the ex-vivo fibrinolytic potential of the whole
blood with viscoelastic hemostatic assays, although to our knowledge, none of them has been
used to detect impaired fibrinolysis in sepsis patients. The modification that we made to the
TEG technique (UK-TEG) was aimed at amplifying ex-vivo the fibrinolytic response. We
observed that UK-TEG lysis index was lower in sepsis patients compared to controls, indicating
a lower degree of fibrinolysis. As expected PAI-1 levels were higher in sepsis patients compared
to controls, however they were unrelated to UK-TEG lysis index. This lack of correlation may
be explained by the fact that PAI-1 is only one of the factors involved in the fibrinolytic process,
the role of which may become relevant assuming that all the other factors are normal or at least
homogenous. In our study, patients had very different levels of fibrinogen and possibly also of
Table 2. Clinical and laboratory parameters of sepsis patients in “normal response to UK” group and in “low response to UK” group.
Normal response to UK (n = 22) Low response to UK (n = 18) P value*
SOFA 5 (4–7) 8 (6–13) 0.03
Lactate (mmol/L) 1.0 (0.8–1.9) 1.8 (1.2–2.7) 0.03
LDH (U/L) 374 (252–458) 520 (388–1071) 0.01
Creatinine (mg/dl) 0.85 (0.7–1.2) 1.50 (0.8–2) 0.09
Bilirubin 0.5 (0.4–0.9) 1.1 (0.7–1.5) 0.02
Platelet (103/mmc) 169 (103–277) 131 (52–178) 0.14
DIC (ISTH), N (%) 0 5 (28) 0.01
DIC (JAAM), N (%) 11 (50) 10 (55) 0.76
MAP (mmHg) 81 (76–90) 78 (67–89) 0.35
Hb (g/dL) 9.9 (9.1–12.4) 11.1 (10.2–12.2) 0.20
SpO2 (%) 98 (95–100) 97 (95–99) 0.51
SvO2 (%) 72 (67–78) 71 (67–76) 0.68
Severe Sepsis/Septic Shock, N (%) 14 (64)/8 (36) 9 (50)/9 (50) 0.52
Hospital length of stay (days) 33 (15–44) 19.5(8–39) 0.20
Duration of mechanical ventilation (days) 5.5 (3–14) 4.5 (1–8) 0.35
ICU length of stay (days) 7 (4–20) 5 (3–9) 0.44
Mortality in ICU, N (%) 1 (5) 7 (39) 0.01
*P value from Mann-Whitney (continuous variables) or Fisher’s exact test (categorical variables). Numbers in table refer to median (25th– 75th) or N(%).
Low response to UK group is deﬁned as those patients with UK-TEG_Ly30 value less than 64.9% (limits of normality of healthy individuals
UK-TEG_Ly30 = 64.9%-100%).
Abbreviations: SOFA, Sequential Organ Failure Assessment; LDH, lactate dehydrogenase; DIC, disseminated intravascular coagulation; MAP, mean
arterial pressure; Hb, hemoglobin; ScvO2, central venous oxygen saturation; SpO2, pulse oximetry.
doi:10.1371/journal.pone.0136463.t002
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Table 3. Coagulation and TEG parameters in healthy individuals, sepsis patients with “normal response to UK” and sepsis patients with “low
response to UK”.
Healthy Individuals Sepsis Patients P value*
Normal Response to UK Low Response to UK
Coagulation Parameters (N = 10) (N = 22) (N = 18)
PT ratio 1.06 (1.01–1.10) 1.26 (1.12–1.42)^ 1.46 (1.28–1.62)§§ <0.001
aPTT ratio 1.04 (0.98–1.07) 1.08 (1.01–1.26) 1.17 (1.07–1.31) 0.05
Fibrinogen (mg/dl) 252 (244–283) 565 (384–682)^^ 529 (370–749)§§ <0.001
D-dimer (ng/ml) 78 (60–127) 1467 (810–6170)^^ 2250 (1182–3472)§§ <0.001
PAI-1 antigen (ng/ml) 3.3 (1.5–5.1) 36.1 (20–39.6)^^ 30.7 (24.3–43.9)§§ <0.001
PAI-1 activity (ng/ml) 0.2 (0.1–0.3) 4.0 (0.6–5.7)^ 3.8 (1.6–19.0)§§ <0.001
TAFI (%) 110 (93–124) 104 (83–130) 111 (91–133) 0.94
TEG Parameters (N = 40) (N = 22) (N = 18)
TEG_r (min) 9.1 (7.6–10.1) 7.5 (6.1–10.5) 11.0 (7.2–14.2) ° 0.03
TEG_angle (deg) 55.9 (47.6–62.6) 59.6 (48.8–68.6) 51.3 (39.6–59.9) 0.16
TEG_MA (mm) 61.0 (57.3–65.4) 70.8 (66.5–77.0) ^^ 66.9 (52.6–73.2) ° <0.001
TEG_Ly30 (%) 1.2 (0.1–2.7) 0.3 (0–1.4) 0.1 (0–0.9) § 0.02
UK-TEG
UK-TEG_r (min) 8 (7.0–8.7) 7.6 (5.8–10.0) 11.3 (6.6–12.6) 0.06
UK-TEG_angle (deg) 54.7 (37.5–65.0) 49.4 (34.3–67.0) 42.3 (32.8–57.3) 0.40
UK-TEG_MA (mm) 25.2 (15.6–39.8) 22.3 (9.4–29.0) 53.3 (49.0–68.4) §§ °° <0.001
UK-TEG_Ly30 (%) 91.3 (88.5–93.1) 88.5 (76.7–92.4) 22.9 (0–50.2) §§ °° <0.001
*P value from Kruskal-Wallis rank test. Post-hoc multiple comparison analyses from Dunn’s test with Bonferroni correction,
° low responders vs normal responders p<0.05;
°° low responders vs normal responders p<0.001;
§ low responders vs healthy individuals p<0.05;
§§ low responders vs healthy individuals p<0.001;
^ normal responders vs healthy individuals p<0.05;
^^ normal responders vs healthy individuals p<0.001.
Numbers in table refer to median (25th– 75th). Low response to UK group is deﬁned as those patients with UK-TEG_Ly30 value less than 64.9% (limits of
normality of healthy individuals UK-TEG_Ly30 = 64.9%-100%).
Abbreviations: PT ratio, prothrombin time ratio; aPTT ratio, activated partial thromboplastin time ratio; PAI-1, Plasminogen Activator Inhibitor 1; TAFI,
Thrombin Activatable Fibrinolysis Inhibitor; TEG, Thromboelastography; TEG_r, reaction time measured by TEG; TEG_angle, angle α measured by TEG;
TEG_MA, maximum amplitude measured by TEG; TEG_Ly30, lysis at 30 minutes after MA measured by TEG; UK-TEG, urokinase kaolin activated
thromboelastography, UK-TEG_r, reaction time measured by UK-TEG; UK-TEG_angle, angle α measured by UK-TEG; UK-TEG_MA, maximum amplitude
measured by UK-TEG; UK-TEG_Ly30, lysis at 30 minutes after MA measured by UK-TEG.
doi:10.1371/journal.pone.0136463.t003
Table 4. Odds ratios (OR) and 95% confidence interval (95% CI) of death for different lysis parameters
using logistic regression analysis.
Lysis parameter Odds ratio 95% CI p value
D-dimer (103ng/ml) 1.06 0.98–1.15 0.15
PAI activity (ng/ml) 1.08 0.98–1.20 0.13
PAI antigen (ng/ml) 1.07 0.99–1.16 0.11
TAFI (%) 1.00 0.98–1.02 0.89
TEG_Ly30 (%) 0.001 0.00–18.8 0.17
UK-TEG_Ly30 (%) 0.95 0.93–0.98 0.003
doi:10.1371/journal.pone.0136463.t004
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plasminogen, which unfortunately was not measured but is known to be reduced in severe sep-
sis/septic shock [38]. We also measured TAFI levels in plasma. TAFI modulates fibrinolysis
removing the lysine residues from the fibrin clot and preventing its degradation by plasmin.
Unexpectedly TAFI values were not different between sepsis patients and controls. It must be
said, however, that we did not measure the upregulation of the TAFI pathway [39] and the lack
of this information does not allow us to exclude an enhancement of the TAFI antifibrinolytic
pathway.
Our goal was to use a global approach of hemostasis assessment via a point of care modified
technique to quantify global fibrinolysis. We acknowledge however that fibrinolysis in the sep-
sis patient may be affected by several factors: I. a defect in the release of plasminogen activators
by endothelial cells (tPA) or by leukocytes (UK), II. an increased concentration of inhibitors in
the presence of normal release of plasminogen activators, III. a combination of these abnormal-
ities (low plasminogen activators and increased inhibitors), IV. a very low plasminogen con-
centration. Due to lack of information about all these variables we are unable to speculate on
the underlying mechanism.
More than half of the sepsis patients met the DIC criteria according to the JAAM 2006
score. Kappa coefficient between JAAM 2006 and ISTH 2001 “overt” score was 0.23 (fair) and
only 5 patients with DIC were diagnosed by both scoring systems. All the patients who devel-
oped the ISTH DIC (overt DIC) could be identified based on the JAAM DIC criteria confirm-
ing previous findings [27, 40, 41]. In patients with defective fibrinolysis (according to response
Fig 4. Predicted probability (risk) of death in relation with UK-TEG_Ly30 (%).
doi:10.1371/journal.pone.0136463.g004
Table 5. Odds ratios (OR) and 95% confidence interval (95% CI) of having a SOFA score >10 (higher
severity of disease) for different lysis parameters using logistic regression analysis.
Lysis parameter Odds ratio 95% IC p value
D-dimer (103ng/ml) 1.00 0.99–1.00 0.09
PAI activity (ng/ml) 1.05 0.94–1.17 0.40
PAI antigen (ng/ml) 1.05 0.97–1.13 0.25
TAFI (%) 1.00 0.97–1.02 0.79
TEG_Ly30 (%) 0.001 0.00–491.03 0.23
UK-TEG_Ly30 (%) 0.98 0.95–0.997 0.049
doi:10.1371/journal.pone.0136463.t005
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to UK), DIC was diagnosed more frequently only with the ISTH 2001 “overt” score. We may
hypothesize that although the JAAM scoring system (differing from the ISTH by the inclusion
of the systemic inflammatory response syndrome, higher cut-off in the platelet count, and
exclusion of fibrinogen) has higher sensitivity for the diagnosis of early DIC [40] it could have
lower specificity than the ISTH scoring system for detecting DIC with impairment of the fibri-
nolytic system.
According to UK-TEG, impairment of fibrinolysis was present only in 45% of the patients
(and 35% according to PAI-1), confirming our previous findings [4]. Abnormal levels of fibri-
nolysis inhibitors such as PAI-1 and TAFI were observed in sepsis patients [42] [43] [10] and
may value as a prognostic marker in septic shock [44] [11] [12] [45]. Most clinical trials investi-
gating anticoagulant pharmacological strategies in severe sepsis and sepsis shock have so far
failed to demonstrate a survival advantage [18], [19] in particular the promising results of the
activated protein C (drotrecogin alfa-activated-, Xigris, Eli Lilly Inc) [46] had not been con-
firmed and its use was associated to an increased rate of hemorrhagic complications [47] [20]
[21]. The use of recombinant human soluble thrombomodulin was observed to improve organ
dysfunction in patients with sepsis-induced DIC [48] [49] but despite some evidence suggestive
of efficacy, it still lacks of a mortality benefit [50]. With respect to the field of fibrinolysis, some
promising results were reported when treatment with recombinant tissue-plasminogen activa-
tor was used to restore fibrinolysis in a pediatric population with meningococcemia [51], how-
ever the high risk of hemorrhagic adverse effects precluded the possibility of carrying out
further studies. It is tempting to speculate that specific therapies guided by the early identifica-
tion of the hypofibrinolytic patients could lead to a benefit.
The subgroup of patients with low response to the fibrinolytic stimulus (UK-TEG_Ly30
<65%) was characterized by worse coagulopathy, higher degree of cellular injury, higher SOFA
score and mortality, compared to the subgroup of patients with normal response (Ly30>65%)
despite no evidence of inadequate systemic oxygen delivery (normal mean arterial pressure,
normal arterial oxygen content, normal central venous oxygen saturation). Such a difference
was not clearly evidenced at basal TEG. Moreover, UK-TEG lysis index was the only fibrino-
lytic marker able to predict mortality at ICU discharge and morbidity (rated with the SOFA
score). The association between defective fibrinolysis and poor outcome suggests that, at least
in this subgroup of patients, impairment of fibrinolysis may play an active pathogenic role
altering microcirculation and contributing to multi-organ failure, further corroborating the
hypothesis that in this framework a targeted pharmacologic intervention to “rescue”microcir-
culation, appears rationale.
We are aware that our study has some limitations. Only one time point was assessed. Tim-
ing of measurements may be relevant when assessing the coagulation status of a patient in ICU
because coagulopathy in sepsis is a dynamic process. Performing sequential measurements
would probably provide better insights. Also, our study, conceived as a pilot, was performed in
a single center with a limited sample size, and requires confirmation in a larger population.
Conclusion
Our results confirm that: I. UK-TEG is a feasible bedside tool to detect in real time sepsis-
induced defective fibrinolysis, II. less than half of the patients showed ex-vivo impairment of
fibrinolysis; III. this subgroup of patients was characterized by higher markers of cellular dam-
age, higher severity score and worse outcome. Although UK-TEG lysis parameter was not cor-
related with standard laboratory markers of enhanced fibrinolysis, it was able to predict
morbidity and mortality. These findings should be considered hypothesis generating for a tar-
geted pharmacological approach to sepsis patients with low response to a fibrinolytic stimulus.
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Key Messages
• UK-TEG (Urokinase Kaolin activated Thromboelastography) is a feasible modified point-of-
care global assay of hemostasis to assess fibrinolysis in sepsis patients
• Patients with defective fibrinolysis evidenced at UK-TEG were characterized by higher mark-
ers of cellular damage, higher morbidity and worse outcome.
• Early point of care identification of sepsis patients with defective fibrinolysis may be of future
interest
Supporting Information
S1 Fig. Preliminary assessment of UK-TEG procedure. UK-TEG: titration curve for uroki-
nase concentrations in whole blood.
(DOCX)
S2 Fig. Preliminary assessment of UK-TEG procedure. Incremental concentrations of UK to
assess the degree of response to the fibrinolytic stimulus in sepsis patients.
(DOCX)
S3 Fig. Preliminary assessment of UK-TEG procedure. Reproducibility of two urokinase
dilutions to obtain UK-TEG_Ly30 value at Urokinase concentration of 80 IU/ml.
(DOCX)
S4 Fig. Preliminary assessment of UK-TEG procedure. Comparison between TEG_Ly30
using clear and heparinase cups.
(DOCX)
S5 Fig. Preliminary assessment of UK-TEG procedure. Correlation between UK-TEG_Ly30
and UK-TEG_Ly60.
(DOCX)
S1 Table. Coagulation and clinical parameters in severe sepsis/septic shock patients.
(DOCX)
S2 Table. Incidence of ARDS, Acute Kidney Injury and blood product administration in
patients with normal and low response to UK.
(DOCX)
S3 Table. Site of infection and microorganisms responsible of sepsis in patients with nor-
mal and low response to UK.
(DOCX)
Acknowledgments
The authors would like to thank Marco Ranucci and Ekaterina Baryshnikova for the valuable
support in developing the procedure of Urokinase Kaolin Activated Thromboelastography
(UK-TEG). The authors would also like to thank the ICU nurses and doctors for their willing-
ness to serve as healthy volunteers for the study.
Urokinase Modified Thromboelastography in Sepsis Patients
PLOS ONE | DOI:10.1371/journal.pone.0136463 August 26, 2015 14 / 17
Author Contributions
Conceived and designed the experiments: MP LZ MC LG. Performed the experiments: LZ CL
MBA RB. Analyzed the data: MP LZ CL MC DC. Contributed reagents/materials/analysis
tools: MP LZ CL MBA RB LG. Wrote the paper: MP LZ CL MC AP AD LG.
References
1. Carrieri C, Galasso R, Semeraro F, Ammollo CT, Semeraro N, Colucci M. The role of thrombin activata-
ble fibrinolysis inhibitor and factor XI in platelet-mediated fibrinolysis resistance: a thromboelasto-
graphic study in whole blood. J Thromb Haemost. 2011; 9(1):154–62. doi: 10.1111/j.1538-7836.2010.
04120.x PMID: 20961395.
2. Degen JL, Bugge TH, Goguen JD. Fibrin and fibrinolysis in infection and host defense. J Thromb Hae-
most. 2007; 5 Suppl 1:24–31. doi: 10.1111/j.1538-7836.2007.02519.x PMID: 17635705.
3. Gando S. Role of fibrinolysis in sepsis. Semin Thromb Hemost. 2013; 39(4):392–9. doi: 10.1055/s-
0033-1334140 PMID: 23446914.
4. Savioli M, Cugno M, Polli F, Taccone P, Bellani G, Spanu P, et al. Tight glycemic control may favor fibri-
nolysis in patients with sepsis. Crit Care Med. 2009; 37(2):424–31. doi: 10.1097/CCM.
0b013e31819542da PMID: 19114908.
5. MacLaren R, Stringer KA. Emerging role of anticoagulants and fibrinolytics in the treatment of acute
respiratory distress syndrome. Pharmacotherapy. 2007; 27(6):860–73. doi: 10.1592/phco.27.6.860
PMID: 17542769; PubMed Central PMCID: PMCPMC2515375.
6. Ware LB, Matthay MA, Parsons PE, Thompson BT, Januzzi JL, Eisner MD. Pathogenetic and prognos-
tic significance of altered coagulation and fibrinolysis in acute lung injury/acute respiratory distress syn-
drome*. Critical Care Medicine. 2007;PAP.
7. Sebag SC, Bastarache JA, Ware LB. Therapeutic modulation of coagulation and fibrinolysis in acute
lung injury and the acute respiratory distress syndrome. Curr Pharm Biotechnol. 2011; 12(9):1481–96.
PMID: 21401517; PubMed Central PMCID: PMCPMC3893117.
8. Suffredini AF, Harpel PC, Parrillo JE. Promotion and subsequent inhibition of plasminogen activation
after administration of intravenous endotoxin to normal subjects. N Engl J Med. 1989; 320(18):1165–
72. doi: 10.1056/NEJM198905043201802 PMID: 2496309.
9. Hesselvik JF, Blombäck M, Brodin B, Maller R. Coagulation, fibrinolysis, and kallikrein systems in sep-
sis: relation to outcome. Crit Care Med. 1989; 17(8):724–33. PMID: 2502362.
10. Watanabe R, Wada H, Watanabe Y, Sakakura M, Nakasaki T, Mori Y, et al. Activity and antigen levels
of thrombin-activatable fibrinolysis inhibitor in plasma of patients with disseminated intravascular coag-
ulation. Thromb Res. 2001; 104(1):1–6. PMID: 11583733.
11. Madoiwa S, Nunomiya S, Ono T, Shintani Y, Ohmori T, Mimuro J, et al. Plasminogen activator inhibitor
1 promotes a poor prognosis in sepsis-induced disseminated intravascular coagulation. Int J Hematol.
2006; 84(5):398–405. doi: 10.1532/IJH97.05190 PMID: 17189219.
12. Emonts M, de Bruijne ELE, Guimarães AHC, Declerck PJ, Leebeek FWG, de Maat MPM, et al. Throm-
bin-activatable fibrinolysis inhibitor is associated with severity and outcome of severe meningococcal
infection in children. J Thromb Haemost. 2008; 6(2):268–76. doi: 10.1111/j.1538-7836.2007.02841.x
PMID: 18021301.
13. Ostrowski SR, Windeløv NA, Ibsen M, Haase N, Perner A, Johansson PI. Consecutive thrombelasto-
graphy clot strength profiles in patients with severe sepsis and their association with 28-day mortality: a
prospective study. J Crit Care. 2013; 28(3):317.e1–11. doi: 10.1016/j.jcrc.2012.09.003 PMID:
23159146.
14. Collins PW, Macchiavello LI, Lewis SJ, Macartney NJ, Saayman AG, Luddington R, et al. Global tests
of haemostasis in critically ill patients with severe sepsis syndrome compared to controls. Br J Haema-
tol. 2006; 135(2):220–7. doi: 10.1111/j.1365-2141.2006.06281.x PMID: 17010048.
15. Daudel F, Kessler U, Folly H, Lienert JS, Takala J, Jakob SM. Thromboelastometry for the assessment
of coagulation abnormalities in early and established adult sepsis: a prospective cohort study. Crit
Care. 2009; 13(2):R42. doi: 10.1186/cc7765 PMID: 19331653; PubMed Central PMCID:
PMCPMC2689486.
16. Sivula M, Pettilä V, Niemi TT, Varpula M, Kuitunen AH. Thromboelastometry in patients with severe
sepsis and disseminated intravascular coagulation. Blood Coagul Fibrinolysis. 2009; 20(6):419–26.
doi: 10.1097/MBC.0b013e32832a76e1 PMID: 19581801.
17. Gallimore MJ, Harris SL, Tappenden KA, Winter M, Jones DW. Urokinase induced fibrinolysis in throm-
boelastography: a model for studying fibrinolysis and coagulation in whole blood. Journal of thrombosis
Urokinase Modified Thromboelastography in Sepsis Patients
PLOS ONE | DOI:10.1371/journal.pone.0136463 August 26, 2015 15 / 17
and haemostasis: JTH. 2005; 3(11):2506–13. doi: 10.1111/j.1538-7836.2005.01615.x PMID:
16241949.
18. Warren BL, Eid A, Singer P, Pillay SS, Carl P, Novak I, et al. Caring for the critically ill patient. High-
dose antithrombin III in severe sepsis: a randomized controlled trial. JAMA. 2001; 286(15):1869–78.
PMID: 11597289.
19. Abraham E, Reinhart K, Opal S, Demeyer I, Doig C, Rodriguez AL, et al. Efficacy and safety of tifacogin
(recombinant tissue factor pathway inhibitor) in severe sepsis: a randomized controlled trial. JAMA.
2003; 290(2):238–47. doi: 10.1001/jama.290.2.238 PMID: 12851279.
20. Nadel S, Goldstein B, Williams MD, Dalton H, Peters M, MaciasWL, et al. Drotrecogin alfa (activated)
in children with severe sepsis: a multicentre phase III randomised controlled trial. Lancet. 2007; 369
(9564):836–43. PMID: 17350452.
21. Ranieri VM, Thompson BT, Barie PS, Dhainaut J-F, Douglas IS, Finfer S, et al. Drotrecogin alfa (acti-
vated) in adults with septic shock. New England Journal of Medicine. 2012; 366(22):2055–64. doi: 10.
1056/NEJMoa1202290 PMID: 22616830
22. Annane D, Timsit J-F, Megarbane B, Martin C, Misset B, Mourvillier B, et al. Recombinant Human Acti-
vated Protein C for Adults with Septic Shock: a Randomized Controlled Trial. Am J Respir Crit Care
Med. 2013. doi: 10.1164/rccm.201211-2020OC PMID: 23525934.
23. Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharmaceutical Statistics. 2005;
4(4):287–91. doi: 10.1002/pst.185
24. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. Surviving Sepsis Campaign:
International Guidelines for Management of Severe Sepsis and Septic Shock: 2012. Crit Care Med.
2013; 41(2):580–637. doi: 10.1097/CCM.0b013e31827e83af PMID: 23353941.
25. Vincent J-L, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H, et al. The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ dysfunction/failure. Intensive care medi-
cine. 1996; 22(7):707–10. PMID: 8844239
26. Taylor FB, Toh CH, Hoots WK,Wada H, Levi M, Scientific Subcommittee on Disseminated Intravascu-
lar Coagulation (DIC) of the International Society on Thrombosis and Haemostasis (ISTH). Towards
definition, clinical and laboratory criteria, and a scoring system for disseminated intravascular coagula-
tion. Thromb Haemost. 2001; 86(5):1327–30. PMID: 11816725.
27. Gando S, Iba T, Eguchi Y, Ohtomo Y, Okamoto K, Koseki K, et al. A multicenter, prospective validation
of disseminated intravascular coagulation diagnostic criteria for critically ill patients: Comparing current
criteria*. Critical Care Medicine. 2006;PAP.
28. Ganter MT, Hofer CK. Coagulation Monitoring: Current Techniques and Clinical Use of Viscoelastic
Point-of-Care Coagulation Devices. Anesthesia and analgesia. 2008; 106(5):1366–75. doi: 10.1213/
ane.0b013e318168b367 PMID: 18420846
29. Durila M, Kalincik T, Cvachovec K, Filho R. Heparinase-modified thromboelastography can result in a
fibrinolytic pattern. Anaesthesia. 2010; 65(8):864–5. doi: 10.1111/j.1365-2044.2010.06441.x PMID:
20649930.
30. Moreland V, Teruya J, Jariwala P. Artifact hyperfibrinolysis in thromboelastography with the use of a
heparinase cup. Arch Pathol Lab Med. 2010; 134(12):1736. doi: 10.1043/2010-0253-LER.1 PMID:
21128767.
31. Schöchl H, Schlimp CJ. Trauma Bleeding Management: The Concept of Goal-Directed Primary Care.
Anesth Analg. 2013. doi: 10.1213/ANE.0b013e318270a6f7 PMID: 23757468.
32. Spiess BD, Tuman KJ, McCarthy RJ, DeLaria GA, Schillo R, Ivankovich AD. Thromboelastography as
an indicator of post-cardiopulmonary bypass coagulopathies. J Clin Monit. 1987; 3(1):25–30. PMID:
3819793.
33. Kang YG, Martin DJ, Marquez J, Lewis JH, Bontempo FA, Byers W Shaw J, et al. Intraoperative
Changes in Blood Coagulation and Thrombelastographic Monitoring in Liver Transplantation. Anesthe-
sia and analgesia. 1985; 64(9):888–96. PMID: 3896028
34. Kang Y. Thromboelastography in liver transplantation. Seminars in thrombosis and hemostasis. 1995;
21 Suppl 4:34–44. PMID: 8747686
35. Müller MC, Meijers JCM, VroomMB, Juffermans NP. Utility of thromboelastography and/or thromboe-
lastometry in adults with sepsis: a systematic review. Crit Care. 2014; 18(1):R30. doi: 10.1186/cc13721
PMID: 24512650; PubMed Central PMCID: PMCPMC4056353.
36. Summaria L. Thromboelastographic study of fibrinolytic agents. Seminars in thrombosis and hemosta-
sis. 1995; 21 Suppl 4:63–71. PMID: 8747691
37. Kupesiz A, Rajpurkar M, Warrier I, Hollon W, Tosun O, Lusher J, et al. Tissue plasminogen activator
induced fibrinolysis: standardization of method using thromboelastography. Blood Coagul Fibrinolysis.
2010; 21(4):320–4. doi: 10.1097/MBC.0b013e32833464e9 PMID: 20400895.
Urokinase Modified Thromboelastography in Sepsis Patients
PLOS ONE | DOI:10.1371/journal.pone.0136463 August 26, 2015 16 / 17
38. Lorente JA, García-Frade LJ, Landín L, de Pablo R, Torrado C, Renes E, et al. Time course of hemo-
static abnormalities in sepsis and its relation to outcome. Chest. 1993; 103(5):1536–42. PMID:
8486040.
39. Colucci M, Binetti BM, Tripodi A, Chantarangkul V, Semeraro N. Hyperprothrombinemia associated
with prothrombin G20210Amutation inhibits plasma fibrinolysis through a TAFI-mediated mechanism.
Blood. 2004; 103(6):2157–61. doi: 10.1182/blood-2003-06-2169 PMID: 14630828.
40. Sawamura A, HayakawaM, Gando S, Kubota N, Sugano M, Wada T, et al. Application of the Japanese
Association for Acute Medicine disseminated intravascular coagulation diagnostic criteria for patients
at an early phase of trauma. Thromb Res. 2009; 124(6):706–10. doi: 10.1016/j.thromres.2009.06.036
PMID: 19651430.
41. Wada H, Thachil J, Di Nisio M, Mathew P, Kurosawa S, Gando S, et al. Guidance for diagnosis and
treatment of DIC from harmonization of the recommendations from three guidelines. J Thromb Hae-
most. 2013. doi: 10.1111/jth.12155 PMID: 23379279.
42. Pralong G, Calandra T, Glauser MP, Schellekens J, Verhoef J, Bachmann F, et al. Plasminogen activa-
tor inhibitor 1: a new prognostic marker in septic shock. Thromb Haemost. 1989; 61(3):459–62. PMID:
2678584.
43. Mesters RM, Flörke N, Ostermann H, Kienast J. Increase of plasminogen activator inhibitor levels pre-
dicts outcome of leukocytopenic patients with sepsis. Thromb Haemost. 1996; 75(6):902–7. PMID:
8822584.
44. Raaphorst J, Johan Groeneveld AB, Bossink AW, Erik Hack C. Early inhibition of activated fibrinolysis
predicts microbial infection, shock and mortality in febrile medical patients. Thromb Haemost. 2001; 86
(2):543–9. PMID: 11522001.
45. Lorente L, Martín MM, Borreguero-León JM, Solé-Violán J, Ferreres J, Labarta L, et al. Sustained high
plasma plasminogen activator inhibitor-1 levels are associated with severity and mortality in septic
patients. Thromb Res. 2014. doi: 10.1016/j.thromres.2014.04.013 PMID: 24814968.
46. Bernard GR, Vincent JL, Laterre PF, LaRosa SP, Dhainaut JF, Lopez-Rodriguez A, et al. Efficacy and
safety of recombinant human activated protein C for severe sepsis. N Engl J Med. 2001; 344(10):699–
709. doi: 10.1056/NEJM200103083441001 PMID: 11236773.
47. Abraham E, Laterre P-F, Garg R, Levy H, Talwar D, Trzaskoma BL, et al. Drotrecogin alfa (activated)
for adults with severe sepsis and a low risk of death. N Engl J Med. 2005; 353(13):1332–41. doi: 10.
1056/NEJMoa050935 PMID: 16192478.
48. Yamakawa K, Fujimi S, Mohri T, Matsuda H, Nakamori Y, Hirose T, et al. Treatment effects of recombi-
nant human soluble thrombomodulin in patients with severe sepsis: a historical control study. Crit Care.
2011; 15(3):R123. doi: 10.1186/cc10228 PMID: 21569368; PubMed Central PMCID:
PMCPMC3218981.
49. Kato T, Sakai T, Kato M, Hagihara M, Hasegawa T, Matsuura K, et al. Recombinant human soluble
thrombomodulin administration improves sepsis-induced disseminated intravascular coagulation and
mortality: a retrospective cohort study. Thromb J. 2013; 11(1):3. doi: 10.1186/1477-9560-11-3 PMID:
23414216.
50. Vincent J-L, Ramesh MK, Ernest D, Larosa SP, Pachl J, Aikawa N, et al. A Randomized, Double-Blind,
Placebo-Controlled, Phase 2b Study to Evaluate the Safety and Efficacy of Recombinant Human Solu-
ble Thrombomodulin, ART-123, in Patients With Sepsis and Suspected Disseminated Intravascular
Coagulation*. Crit Care Med. 2013; 41(9):2069–79. doi: 10.1097/CCM.0b013e31828e9b03 PMID:
23979365.
51. ZenzW, MunteanW, Gallistl S, Zobel G, Grubbauer HM. Recombinant tissue plasminogen activator
treatment in two infants with fulminant meningococcemia. Pediatrics. 1995; 96(1 Pt 1):144–8. PMID:
7596694.
Urokinase Modified Thromboelastography in Sepsis Patients
PLOS ONE | DOI:10.1371/journal.pone.0136463 August 26, 2015 17 / 17
